The major histocompatibility human leucocyte antigen (HLA) B27 predisposes to the development of acute anterior uveitis and ankylosing spondylitis. 1 2 The pathogenesis of HLA-B27 associated diseases is not completely understood but, apart from the immunogenetic background, other factors such as environmental agents may play an important part in the development of the disease. 3 4 Bacterial agents such as Gram negative bacteria (Klebsiella, Proteus, Salmonella, Yersinia, Shigella, and Campylobacter) and Chlamydia have been implicated in the development of HLA-B27 associated diseases. [5] [6] [7] [8] [9] The frequency of HLA-B27 varies in diVerent races, being 4-13% in the white population, 2-3% in the American black population, and almost absent in some genetically unmixed native populations. 10 11 In surveys of uveitis the frequency of HLA-B27 associated acute anterior uveitis also varies among the diVerent races; in a Dutch study of 865 consecutive patients with uveitis Rothova et al 12 found HLA-B27 acute anterior uveitis in 17% whereas Derhaag et al 13 reported HLA-B27 in 50% of Dutch patients with the condition.
Bartonella henselae is a Gram negative rod and was identified as the organism causing cat scratch disease (CSD).
14 Ocular involvement in the course of B henselae infection has been reported to be the cause of Parinauld's oculoglandular syndrome, uveitis, and neuroretinitis. 15 16 The association of HLA B27 and B henselae associated uveitis was noted in two earlier reports. 17 18 We have investigated the frequency of HLA-B27 in presumed ocular bartonellosis and report the clinical features and laboratory data of these patients.
Patients and methods
Nineteen patients with uveitis and high positive IgG and/or IgM antibody titres for B henselae seen in the F C Donders Institute, University Medical Center between January 1994 and December 1997 were included in the study. Five patients were selected from a cohort of 138 consecutive patients with uveitis seen in our institute in 1994; in this cohort B henselae serological testing was performed for all patients as part of an earlier study on ocular bartonellosis. 16 Fourteen additional patients were identified between January 1995 and December 1997; at this time the determination of antibodies against B henselae was not a routine procedure so the tests were predominantly performed in patients with clinical features consistent with the diagnosis of ocular bartonellosis (mostly patients with papillitis and panuveitis or posterior uveitis of unknown cause). Anatomical classification of uveitis was performed according to the criteria defined by the International Uveitis Study Group. 19 Patients with neuroretinitis were classified separately from those with posterior uveitis. Neuroretinitis was characterised by swelling of the optic disc and peripapillary oedema, eventually combined with macular oedema and hard exudates in the macular area (macular star). 20 In addition to B henselae serological tests and HLA-B27 typing, all patients underwent a standard diagnostic screening procedure for uveitis which consisted of erythrocyte sedimentation rate, red and white blood cell counts, serum angiotensin converting enzyme levels, syphilis serology, and chest radiography. Fluorescein angiography was performed in 19 patients and visual field testing in nine. The control group consisted of 25 consecutive patients with panuveitis and negative B henselae serology.
Antibodies against B henselae were determined by enzyme immunoassay (EIA) as described by Bergmans et al and the cut oV values for positive serology were >1:900 for IgG-EIA and >1:250 for IgM-EIA. 21 The serum samples for the determination of B henselae antibodies were in all cases obtained during the active stage of the ocular disease. On the basis of positive B henselae serological findings, 19 patients were considered to have presumed ocular bartonellosis (POB). A 2 test was used for the statistical analysis to compare the prevalence of HLA-B27 in the control group and in the Dutch population with the frequency of HLA-B27 in patients with POB. 22 These 19 patients were subdivided into HLA-B27 positive and negative groups and their clinical characteristics were compared.
Results
The general characteristics of the 19 patients with POB are shown in Table 1 . The mean age of the patients (seven men, 12 women) was 47 years (range 9-79). Fifteen patients were white, two were of Mediterranean origin, one was black, and one was from the Far East. The follow up period since the diagnosis of POB in all patients was at least 1 year (range 12-46 months). Of the 19 patients with POB six (32%) were HLA-B27 positive, which was significantly higher than the control group in which only one of 25 (4%) was HLA-B27 positive (p=0.03) and the prevalence of 8% in the Dutch population (p=0.003).
The diagnosis of POB was based in 14 patients on serum IgG-EIA titres against B henselae of >1:900 and in five patients on serum IgM-EIA titres against B henselae of >1:250 (Table 1) . Of the HLA-B27 positive patients one was IgM and five were IgG positive; of the HLA-B27 negative patients four were IgM and 10 were IgG positive ( Table  1 ). Exposure to cats or dogs before the ocular disease was reported in nine HLA-B27 negative and three HLA-B27 positive patients. Only three HLA-B27 negative patients had systemic symptoms characteristic of CSD-that is, unexplained fever, malaise, and lymphadenopathy. One HLA-B27 positive patient was diagnosed with ankylosing spondylitis (14 months after the onset of ocular disease). Two HLA-B27 negative patients were positive for anticardiolipin antibodies, one of whom developed general malaise with recurrent episodes of fever and arthralgia two years after the ocular symptoms.
The ocular features in the HLA-B27 positive and negative groups did not diVer significantly (Table 2 ). In the whole series one patient presented with anterior uveitis (HLA-B27 positive), 12 with panuveitis (four HLA-B27 positive, eight HLA-B27 negative), and seven with neuroretinitis (one HLA-B27 positive, six HLA-B27 negative, Table 2 ). Unilateral uveitis was more frequent in the HLA-B27 positive group and bilateral uveitis in the HLA-B27 negative group. Optic nerve involvement was detected on fluorescein angiography in five HLA-B27 positive patients and 12 HLA-B27 negative patients. Macular oedema was observed in five HLA-B27 positive patients (one had typical macular star) and eight negative patients. In four HLA-B27 negative patients small peripheral multifocal chorioretinal lesions were detected. One of the HLA-B27 positive patients had a large atrophic area in the peripheral retina of the aVected eye.
Five of the HLA-B27 positive POB patients had severe posterior segment involvement with inflammatory cells in the vitreous, papillitis, and macular oedema at the time of positive Bartonella serology. In all five the inflammatory activity in the posterior segment persisted for more than 6 months. Four of the HLA-B27 positive POB patients had previous recurrent acute anterior uveitis but, at the time of B henselae testing, presented with involvement of the posterior segment. Two of these patients subsequently developed chronic panuveitis (duration more than 12 months). In the two patients without previous acute anterior uveitis, one developed chronic anterior uveitis after the initial presentation with panuveitis and positive B henselae serology and the remaining patient had isolated neuroretinitis and remained without recurrences during 30 months of follow up.
The visual acuity at presentation was lower in the HLA-B27 positive group than in the HLA-B27 negative group (p=0.03) and was predominantly caused by media opacities such as intraocular inflammatory cells and vitreous floaters ( Table 2 ). The initial visual acuity of less than 20/200 was found for six of 30 aVected eyes (four eyes of HLA-B27 positive patients). The final visual acuity did not diVer between the HLA-B27 positive and negative groups. At 12 months follow up two of the 30 aVected eyes had visual acuity of less than 20/200 (one HLA-B27 positive and one negative). In one HLA-B27 positive patient with panuveitis visual acuity decreased to light perception because of an exudative retinal detachment, and one HLA-B27 negative patient with neuroretinitis had a follow up visual acuity of counting fingers caused by optic nerve atrophy. Persistent visual field defects were noted for one of four eyes of HLA-B27 positive patients and for 10 of 14 eyes of HLA-B27 negative patients.
Fifteen patients were treated with antibiotics, three with clarithromycin, three with ciprofloxacin hydrochloride, and nine with doxycycline and rifampicin. Before the antibiotic treatment all 15 patients received periocular or systemic treatment with corticosteroids. In eight of the 15 patients the intraocular inflammation subsided after antibiotic treatment. No significant diVerences in treatment eYcacy were observed between the HLA-B27 positive and negative patients or between the patients with various presentations of intraocular inflammation.
CASE REPORTS
Case 1 A 37 year old woman was referred to our uveitis clinic because of a bilateral but asymmetrical panuveitis of one year's duration for which she was symptomatically treated with systemic corticosteroids without success (Fig 1) . During the corticosteroid treatment she developed an exudative retinal detachment which resolved after treatment was withdrawn. Her ophthalmic history revealed recurrent HLA-B27 associated acute anterior uveitis over 12 years. On presentation her visual acuity was 20/100 in the right eye and 20/20 in the left eye. The anterior chambers were clear; in the right eye old posterior synechiae were noted. In the vitreous of the right eye inflammatory cells and infiltrates were visible. Funduscopy revealed a hyperaemic swollen optic disc (Fig 1) in the right eye and in the retinal periphery an area of chorioretinal atrophy was noted without signs of retinal inflammation or vasculitis. Intraocular pressure in the right eye was normal. The left eye revealed no abnormalities except for a hyperaemic but not swollen optic disc and an intraocular pressure of 48 mm Hg. The serum IgG-EIA titre for B henselae was 1:1200. A diagnosis of POB was made and the patient was subsequently treated with doxycycline and rifampicin. The raised intraocular pressure in the left eye was symptomatically treated. However, after a short period of improvement, panuveitis and exudative retinal detachment in the right eye recurred and optic disc pallor developed. The visual acuity of the right eye decreased to light perception.
Case 2
A 48 year old woman was referred to our uveitis clinic because of a severe unilateral panuveitis in the right eye (Fig 2) . Her ophthalmic history revealed bilateral cataract extraction at the age of 41 years. The cause of her cataract was not known and there was no family history to account for the development of cataract at an early age. Detailed information about the ocular surgery was not available; the patient had not experienced symptoms of uveitis and received no ophthalmic treatment before her cataract surgery. Five years after the cataract surgery the patient developed a unilateral panuveitis with a swollen optic nerve in the right eye. The visual acuity in the right eye at that time was 20/200. Raised serum IgM-EIA for B henselae in a titre of 1:260 was found and the patient tested positive for HLA-B27. She was subsequently treated with doxycycline and rifampicin and visual acuity improved to 20/60. The panuveitis subsided, but 2 years after the antibiotic treatment chronic anterior uveitis developed in the right eye. 
Discussion
This report presents 19 patients with high positive antibody titres against B henselae of which six patients (32%) were HLA-B27 positive. The frequency of HLA-B27 in patients with POB was significantly higher than in the control group of patients with panuveitis and in the general Dutch population. 22 Five of these HLA-B27 positive patients with serological characteristics of B henselae infection presented with uveitis characterised by severe posterior segment involvement. Furthermore, in four HLA-B27 positive patients with a previous history of acute anterior uveitis the clinical features at the time of positive B henselae serology diVered from the previous uveitis attacks, which were restricted to the anterior segment. These findings suggest that infection with Gram negative Bartonella may alter or even initiate the course of HLA-B27 associated uveitis.
Although acute anterior uveitis is the most characteristic presentation of HLA-B27 associated ocular disease, our study included only one patient with acute anterior uveitis at the time of positive B henselae serology. His positive results were detected as part of the serological analysis of consecutive subjects in a large series with uveitis. 17 Uveitis with involvement of the posterior segment has been regularly noted in various HLA-B27 associated diseases such as ankylosing spondylitis, Reiter's syndrome, inflammatory bowel disease, and psoriatic arthritis. 23 The frequency of posterior segment involvement in HLA-B27 associated uveitis is not precisely known. Linssen et al found posterior segment involvement in one of 119 patients who initially presented with HLA-B27 positive acute anterior uveitis. 24 Rodriguez et al reported a prevalence of 17.4% posterior segment involvement in HLA-B27 associated uveitis. 25 The cause of this discrepancy is not known, but the high prevalence of posterior segment involvement in the latter report may be caused by diVerent inclusion criteria and may also reflect the referral bias of a large tertiary care centre. The high frequency of posterior segment involvement in this study might be caused by the selection criteria to test for B henselae antibodies. Vitreitis and papillitis were the most frequently observed posterior segment features in our study and similar features were observed in the study by Rodriguez et al. 25 The clinical presentation of posterior segment involvement in our study was similar to that attributed to bartonellosis and did not diVer between the HLA-B27 positive and negative groups. In HLA-B27 positive patients with posterior segment inflammation testing for Bartonella could be considered.
Two earlier studies reported the association of HLA-B27 associated uveitis with a positive Bartonella serological test in which one, an HLA-B27 positive patient, was described with Parinauld's oculoglandular syndrome (positive B henselae serology) and the subsequent development of acute anterior uveitis. 17 18 Although the development of arthritis was reported during the course of cat scratch disease, no association was noted with HLA-B27. 26 Our HLA-B27 positive patients with uveitis and high B henselae serological titres had no rheumatological symptoms except for one who was diagnosed with ankylosing spondylitis. One HLA-B27 negative patient developed general malaise and arthralgia 2 years after the neuroretinitis.
The frequency of HLA-B27 diVers among the various racial groups, resulting in a diVerent association between anterior uveitis and HLA-B27. 11 27 In our series three of six HLA-B27 positive patients were not white. This is a remarkable finding for which we do not have an explanation, and it also does not represent the Dutch racial distribution. Infections with B henselae were predominantly observed in children and immunosuppressed patients, whereas infections with B quintana were frequently observed in homeless people but, to our knowledge, a racial predominance of Bartonella infection was not noted. 16 28 29 The pathogenesis of HLA-B27 associated diseases and involvement of Gram negative micro-organisms is not completely understood. Infections with Gram negative bacteria such as Yersinia, Klebsiella, Shigella, Campylobacter, Salmonella, and Chlamydia may be followed by the development of uveitis, ankylosing spondylitis, and reactive arthritis.
5-9 An experimental study described the development of acute anterior uveitis in rats following systemic infection with Salmonella enteritidis and Yersinia enterocolita. 30 Raised serum antibodies against Klebsiella were documented in patients with acute anterior uveitis and ankylosing spondylitis. 31 Data on the presence of Gram negative bacteria in the eyes of patients with HLA-B27 associated acute anterior uveitis are not available. Polymerase chain reaction (PCR) analysis for Gram negative microorganisms in the intraocular fluids of these patients has, to our knowledge, never been documented. However, Klebsiella and Chlamydia antigens have been detected in the synovial fluid of arthritis patients. 32 So far the presence of Bartonella DNA in the eye has been reported in the retina of one AIDS patient of unknown HLA-B27 haplotype and in the ocular fluids of an immunocompetent patient with neuroretinitis. 33 34 To clarify the inflammatory disease in HLA-B27 positive patients, some authors considered cross reactivity between the bacterial cell wall and the HLA-B27 antigen and indicated molecular similarity in amino acid sequences between HLA-B27 and bacterial proteins. 35 Others have suggested a specific B27/microbial interaction that modulates the degree of invasion of pathogens into the host cell. 36 These mechanisms might also apply to the interaction between an HLA-B27 positive host and Gram negative Bartonella microorganisms. Recent studies indicate that other Bartonella subspecies can also be implicated in the pathogenesis of human diseases. 37 However, serological assays at this time can only diVerentiate between antibodies against B henselae and B quintana.
The route of infection in bartonellosis presumably consists of a cutaneous lesion after a cat (or dog) scratch or bite, but alternative routes of infection such as insect bites have also been suggested. 37 Infections with Yersinia, Klebsiella, Shigella, Campylobacter, Salmonella, and Chlamydia are usually contracted by the gastrointestinal or urogenital route. 5-9 35 Increased serum levels of IgA in patients with acute anterior uveitis and ankylosing spondylitis might support the hypothesis that mucosal infections are involved in the pathogenesis of HLA-B27 associated diseases. 35 We conclude that the frequency of HLA-B27 in patients with uveitis and serological characteristics of acute infection with B henselae is higher than in the general Dutch population. This report suggests a relation between infection with Bartonella species and HLA-B27. The question whether Bartonella infection modifies HLA-B27 associated uveitis or whether HLA-B27 positive patients are more likely to develop ocular disease during Bartonella infection cannot be answered yet. Future studies are needed to evaluate the frequency and the importance of infection with Bartonella species in patients with HLA-B27 associated diseases.
